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ABSTRACT
Bacterial cellulose (BC), also known as a Kombucha mat 
or SCOBY, is a grown material widely adopted in design 
and HCI communities due to its biodegradability, 
accessibility and mechanical versatility. Alongside 
these aspects, BC’s qualities to become a habitat for 
other living organisms, i.e., its habitabilities, have been 
researched in biotechnological sciences but not fully 
explored in design. In response to the call for biobased 
material alternatives and the expanding design space 
for multispecies interactions in HCI, in this paper, we 
unpack this habitability potential of BC in the design 
of living artefacts. Through visual storytelling we unveil 
our hands-on biolab journey with Komagataeibacter, 
the bacteria that produce BC, and show how fungi, 
microalgae and cyanobacteria can inhabit this material. 
We outline diverse options for tuning the habitabilities 
of BC to incite HCI designers in the creation of living 
artefacts that are fully grown and compatible with 
regenerative ecologies.
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In response to the escalating environmental crisis, 
researchers within the fields of design and HCI have 
increasingly explored sustainable alternatives to 
traditional materials and production processes (see, for 
an overview [33, 45]). Aligning with these developments, 
and responding to a broader call for ecological thinking 
[30] and enabling multispecies interactions [16], 
researchers in the fields of biodesign and biological-
HCI are considering living organisms as material 
sources, interactive components and collaborators 
in the design process [21, 25, 34, 37, 43]. Within these 
fields, bacterial cellulose (BC) has emerged as one of 
the most extensively explored biodesign materials due 
to its accessibility and remarkable versatility (see, for 
example [6, 41, 47]. Among BC’s diverse potentials, 
particularly intriguing are its habitabilities [21], i.e., the 
capacity of this material to provide a habitat to other 
living organisms. This potential of BC has been studied 
in biological sciences but remains largely unexplored 
within design communities. In this work, we explore 
the habitabilities of BC, positioning it as a promising 
bio-based alternative for the design of living artefacts 
that are fully grown, biodegradable and able to host a 
diverse array of microorganisms in diverse contexts. 
 
RELATED WORK
Bacterial Cellulose in Biotechnological Sciences 
Bacterial cellulose (BC) is a biomaterial grown by 
several bacteria (famous examples include Acetobacter 
xylinium and Komagaeteibacter hansenii) which are for 
example found in Kombucha, a fermented tea beverage. 
During the fermentation process, bacteria secrete 
cellulose chains that form a biofilm at the air-water 
interface of a liquid culture (see figure 2). This biofilm, 
which is also referred to as a BC pellicle or a SCOBY 
(Symbiotic Culture Of Bacteria and Yeast), consists of 
pure, nano-scale cellulose fibers, giving the material 
unique mechanical properties such as a high strength 
and stiffness [14, 19]. Scientists have suggested that 
the reason for these bacteria to produce cellulose is to 

create an extra-cellular habitat that provides them with 
protection from UV radiation, chemicals and optimises 
access to nutrients and oxygen [19]. Expanding on this 
notion of BC being a habitat created by microorganisms, 
studies have also shown it to be a suitable habitat 
for other microorganisms, highlighting the excellent 
biocompatibility and bioreceptivity of this material due 
to its porosity, permeability and liquid holding capacity 
[8, 49]. BC has therefore seen usage as a base material 
for the development of engineered living materials [39] 
where for example photosynthetic microalgae [4], yeast 
cells [13], bacteria [29] and complex living assemblages 
[22] are grown both on and into BC. Building on this 
ongoing work, we foresee a rich yet underexplored design 
space for BC based living artefacts that are able to host 
a variety of living organisms, enabling cohabitation and 
multispecies interactions in the everyday.

Bacterial Cellulose in Design and HCI
In 2000, Suzanne Lee used BC to grow fashion garments 
[26], which since then has been followed by numerous 
explorations in design [10, 47] and led to the development 
of startups growing BC based textiles [31, 35]. In HCI, BC 
has been explored as a material for interactive interfaces 
[38, 40], pointing towards the benefits of this material as 
a sustainably produced and biodegradable alternative 
for housing of electronic systems. Bell et al. [6] used BC to 
grow an interactive wearable with embedded electronics 
over the course of 13 weeks, adopting a slow paced and 
intimate way of making in collaboration with another 
organism. Alongside this are other projects involving BC 
as a growable biobased material in which researchers 
highlight the intricacies of designing with living matter 
[1, 7, 41]. Contributing to this body of work, we present 
the rich design space that BC offers as a medium for 
creating living artefacts.

Bacterial Cellulose as a Living Artefact
Living artefacts, as described by Karana et al. [21], 
are artefacts in which the livingness of an organism 

is prolonged during both the design and use time of 
an artefact. In their framework, they propose three 
fundamental pillars, living aesthetics, habitabilities 
and mutualistic care that underpin the design of 
living artefacts. Here the concept of habitabilities, 
i.e., the ability of living and non-living entities (in 
our case, BC) to provide a habitat and condition the 
livingness of organisms [21], provides a useful lens for 
exploring the potentials of BC, pertaining not only to 
‘‘understanding and embodying the habitat during 
design time but also perpetuating this habitat during 
both design and use time of an artefact’’ [52]. Given 
the apparent potential of BC to provide a habitat to a 
variety of living organisms, we view BC as an excellent 
yet underexplored material platform for the design of 
living artefacts. Firstly because it can offer a biobased 
alternative to many of the synthetic materials (such 
as glass, plastics and metals) conventionally used in 
microbiology, enabling the creation of fully grown 
and biodegradable living artefacts. Secondly, with 
its capacity to serve as a habitat for many different 
species of microorganisms, BC offers a platform for 
dynamic multispecies interactions [16], opening up 
opportunities for cohabitation and collaboration in 
both laboratory settings and everyday ecosystems.  
 
 
Therefore, the biodegradability and habitability of BC 
motivate us to further explore its potential in designing 
living artefacts for regenerative ecologies [23]. BC-based 
living artefacts, which  enable cyclical material and 
energy flows whilst supporting multispecies interactions, 
hold the potential to contribute to ecosystems. These 
artefacts may function as autopoietic systems—where 
all constituent members collaboratively engage in the 
creation, transformation, and ongoing evolution of 
shared habitats [23]. To support such future explorations 
in design and HCI, we must first identify viable processes 
and provide a design space that leverages BC’s potential 
as a habitat for living microorganisms.

INTRODUCTION
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OUR APPROACH

Komagataeibacter hansenii 
growing in the laboratory

We explored the habitabilities of bacterial cellulose 
(BC) by adopting a cross-disciplinary approach, 
combining microbiological protocols for growing [11], 
treating [44] and inoculating BC [4], with techniques 
adopted from the material driven design method 
including the creation of a material-process diagram 
and systematic tinkering, [20]. Here the process 
of tinkering [42] with the material allowed for fast 
iterations and a broad exploration of different methods 
with which BC can be developed into a living artefact.  
 
Informed by our lab explorations, we defined a design 
space consisting of five process phases required for 

creating a living artefact out of BC. For each of these 
process phases, we identify a number of process 
options and discuss how these can be leveraged to 
influence the habitabilities of the material. Our expertise 
in biodesign  and complementary backgrounds in 
interaction design, design engineering (first and third 
authors), and microbiology (second author), enabled 
us to bridge design explorations with microbiological 
techniques. We describe biotechnical details as well as 
designerly qualities in our imagery to promote flexibility 
in thinking across them. Whilst we do provide the 
technical details sufficient to replicate our explorations, 
our work does not adhere to strict biological protocols; 

instead, it represents an initial and organic overview of 
a design space that is meant to evolve and expand. We 
believe this approach will serve as a valuable inspiration 
for other designers, encouraging them to embark on 
similar explorations and contribute to this growing field. 
 
Throughout this process of balancing design and 
microbiology, working with Komagataeibacter hansenii 
and the material that these bacteria produce, we 
continuously questioned the nature of our collaboration 
with this organism and the inherent tensions and 
dilemmas we encountered. See also our ‘Reflections 
and Future Work’ section.
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Process phases
In this overview, we outline the process of developing and perpetuating BC-based 
living artefacts in five key phases. It is important to note that this process is not 
necessarily linear, nor are the steps always distinct (see for example Gilbert et al. 
[13], where the first and fourth step are combined) . This stepwise division primarily 
serves to structure our exploration and provide insights into the possibilities for 
tuning the habitabilities of BC.

Process options
With each process phase, different parameters can be varied as illustrated in 
the overview above. The decisions made at each stage will directly impact the 
habitabilities of the resulting living artefact. While the options presented are 
not exhaustive, they highlight the broad spectrum of possibilities for tuning the 
habitabilities of BC. 

In the sections that follow, we share our lab explorations within this design space. 

DESIGN SPACE

Growing the Habitat Preparing the Habitat Exploring Organisms Introducing Organisms Perpetuating the Habitat

Process  Phases

P
ro

cess O
p

tio
n

s

thick

thin

shape 
variations

drying Cyanobacteria

Microalgae

Fungi

dripping
temperature

light

opennes

dipping

printingwashing

adding 
nutrients

Bacteria

wetnesswetting

painting

Cultivating BC-producing organisms 

72 hour growth

±20oCelsius
RH≈50 %

Synechococcus sp. &
Nostoc punctiforme

using 
liquid culture

into liquid culture

using alginate 
based bio-ink

using 
pure bio-mass sterility

intensity, colour
hours per day

liquid content
& relative humidity

20 - 30 oCelsius

Scenedesmus sp.

Cellulophaga lytica

Schizophyllum 
commune

adding 
5 - 20 ml

2 times per day
with hot water

eg BG11 or MAR 
medium [12, 15]

14 day growth

container dependent

Processing freshly grown BC
for multispecies growth 

Identification and selection of 
organisms to grow on BC

Inoculating selected organisms
using tailored methods

Managing growth conditions and
ensuring long-term viability
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GROWING THE HABITAT

Bacterial cellulose (BC) can be grown using a range 
of bacterial species, from well characterized model 
organisms like Komagataeibacter hansenii [27] to 
complex microbial communities found in Kombucha 
cultures [32]. Additionally, different nutrient sources can 
be used, which, along with the selected BC-producing 
organism, will affect the yield and properties such as the 
density and smell of the material [11. 36]. Additionally, 
during growth, BC can be formed into various shapes 
and sizes, depending on the container’s shape and 
the growth duration. Designers and researchers have 
also experimented with growing BC into 3D forms 
using silicone based moulds or aerated media [3, 54]. 
These approaches open up exciting possibilities for 
customising the habitabilities and design applications 
of bacterial cellulose. 

In our approach, we adopted a standardized way of 
growing bacterial cellulose, as depicted above. This 
process yielded a consistent shape,size and composition 
of BC that fitted into a Petri dish, enabling us to 
compare different options for tuning the habitabilities 
and introducing microorganisms in subsequent stages.

Alternatives to this process did, however, present 
themselves. We experimented with growing BC into 
alternative shapes by varying the growth container. 
Also, when BC was grown for longer periods of time, its 
thickness increased, provided that sufficient nutrients 
were available to sustain prolonged growth. 

This increase in thickness will impact the habitabilities 
of BC, as thicker material can retain more liquid and 
nutrients. Additionally, increased thickness can provide 
more shading from light sources which can be both 
beneficial and disadvantageous, depending on the 
specific organism inhabiting BC. 

Komagataeibacter hansenii  
10 ml liquid culture

at about ±0,8 mm / day
conforms to container shape

alive, 98% liquid
saturated

Grow HarvestSterilise

Alternative: 
vary container
shape

Alternative: 
grow for longer

Ingredients:
Demineralised water, 
Glucose (20 g / L)
Corn steep liquor (10 g / L)
Di-hydrogen phosphate (2,7 g / L)
Citric acid (1,5 g / L)

autoclave
121 oC 
20 minutes

���������
���o�

��������
������
���
������

����������������
�����������	����
�����������	���������

�	�������������������������������	��������������������	������

����

�����

glass container
600 ml round, 
92mm I.D. 

cover with 
aluminum foil

�����	�����������
������������������

����� �
­�������������������
����������������������

adapted 
HS medium 
[11]

Mix Medium Add bacteria BC forms Fresh BC
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PREPARING THE HABITAT

In this step we elaborate on the post-
processing of BC, specifically highlighting its 
ability to absorb nutrients and retain liquids. 
 
Directly after growth, Fresh BC is already a habitat, 
containing about 98% liquids as well as living bacteria 
and residues from the growing process [9, 44, 48]. As 
such, BC remains a living material that is saturated 
with these residual substances, often reflected in its 
brown-ish colour and distinctive smell. This saturation 
reduces BC’s ability to absorb new nutrients, and 
the presence of living bacteria makes the material 
more difficult and unpredictable to handle [4, 9]. To 
address these challenges, and create a habitat suitable 
for other organisms, we implemented a number of 
steps to sterilise and wash the BC (as shown in the 
image). These steps, effectively killing and removing 
Komagataeibacter hansenii from the habitat they 
created, conflicted with some of our personal motives 
but were also essential in enabling further processes 
(see also our ‘Reflections and Future Work’ section).  
 
This resulted in Pure BC that was odourless, white of 
colour and able to absorb new liquids, such as different 
nutrient media, alllowing other microorganisms to 
grow [4].

Another important aspect is the liquid content of 
BC. Fresh BC is at a hydrogel-state, permeable and 
containing 98% liquids. When BC is left to dry by 
evaporation at room temperature, its microstructure 
collapses in an irreversible process called hornification 
[46]. The resulting Dried BC will be decreased to about 
2% of its original thickness and will lose its porosity, 
thus significantly diminishing its ability to re-absorb 
liquids [2]. 

Once fully dried, BC takes on a paper-like appearance 
and texture and has decreased habitabilities, as it will 
no longer be able to provide the moist environment and 
nutrients required by the majority of living organisms. 
Therefore, in our explorations, we chose to keep 
BC hydrated either by submerging it in liquid or by 
enclosing it in a Petri dish sealed with parafilm.

 

alive, ± 98% liquid
hydrogel-state

saturated (growth residues) 
[4, 9, 48]

non-living, ± 98% liquid
hydrogel-state

saturated (growth residues)
[4, 9, 48]

non-living, ± 98% liquid
hydrogel-state

unsaturated
[4, 9, 48]

non-living, 
0% liquid
hornified-state 
(like paper)
[2, 44, 46]

non-living, ± 98% liquid
hydrogel-state

saturated (fresh growth medium)
[4, 9, 48]

Wash
Add 
NutrientsSterilise

Alternative: 
dry

re-wet

with hot water
2x day
5 days

dependent
on organisms

autoclave
121 oC 20 min

to be used in next process phase:
Exploring Organisms

Fresh BC Wet BC Pure BC

Dried BC

non-living, poor at 
re-absorbing liquids,
hornified-state
(like wet paper)
[2, 44, 46]

(wet) Dried BC

BC + Nutrients

enclose in Petri dish
with Parafilm to avoid
de-hydration
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EXPLORING ORGANISMS

We explore the growth of diverse microorganisms on 
BC. We have included organisms from distinct domains 
of life, ranging from simpler cells (e.g., bacteria and 
cyanobacteria) to more complex ones (e.g., microalgae 
and fungi), in an attempt to simulate the complexity 
of natural ecosystems. During our explorations, these 
different organisms successfully grew on BC, provided 
the habitabilities were tuned based on the specific 
conditions required for each microorganism. 

To facilitate this, we added organism specific nutrient 
media to the BC [12, 15], inoculated the material by 
pipetting a liquid culture of microorganisms, and 
incubated them following organism specific protocols 
to ensure optimal conditions for each organism. Note 
that we will discuss variations in inoculation and 
incubation methods in the next section, as well as how 
these factors influence the habitabilities of BC. 

It is important to note that while the habitat was tuned 
for the organisms initially, the addition of an organism 
will further alter the BC over time. Additionally selecting 
a specific organism will influence the habitability of BC 
for other organisms as time progresses. Much like in 
natural ecosystems, certain organisms may dominate 
or modify a habitat, limiting the habitabilities for other 
organisms, and potentially for themselves. Careful 
consideration when exploring and selecting a species 
is thus crucial. 

microalgae used in next phase:
Introducing Organisms

Cyanobacteria

Bacteria

10 ml of BG11 for Microalgae 
10 ml of BG11 for Cyanobacteria
10 ml of MAR for Bacteria
no additional nutrients for Fungi

Microalgae
BC + Nutrients

Fungi

By pipetting 1 ml of 
liquid culture

Scenedesmus sp.
incubate at 20 oC
light conditions [12]

Cellulophaga lytica
incubate at 20 oC
dark conditions [15]

Schizophyllum 
commune
incubate at 30 oC
dark conditions

Synechococcus sp.
incubate at 20 oC
light conditions [12]

Add microorganisms

week 1:

week 1:

week 1:

week 1:

week 2:

week 2:

week 2:

week 2:

week 2
close up

week 2
close up

week 2
close up

week 2
close up

anonymised

anonymised
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INTRODUCING MICROORGANISMS

Various methods can be used to introduce living 
microorganisms to the surface of BC. In this study, we 
explored different approaches, drawing inspiration 
from standard inoculation techniques in microbiology, 
while also incorporating more creative approaches. 
To compare these techniques, we opted to focus on 
the microalgae Scenedesmus sp. as it is relatively 
straightforward to cultivate and its growth is highly 
visible, making it an accessible and practical choice for 
biodesign explorations. Each method renders different 
forms, textures, and changes over time, i.e. living 
aesthetics [21].

Dripping a liquid culture of the selected organism(s) 
directly onto the surface of BC, like applied on the 
previous page, was a simple and straightforward 
technique. However, this method provided little control 
over where the organism(s) began to grow. Particularly 
with larger volumes, the organism(s) tended to float on 
the surface before settling in.

Printing using an alginate-based bio-ink allowed for 
more precise spatial distribution of growth. During our 
explorations this was done by hand but especially when 
this technique is combined with a converted 3D printer 
[4] this can allow for more refined patterns of growth. 
Additionally, adding nutrients to the bio-ink ensures 
that organisms have access to essential resources, in 
addition to those already available in the BC.

Dipping BC into liquid cultures of microalgae and letting 
them sit for 7 days was another method we tested. This 
technique led to a significant aggregation of microalgae 
cells onto the surface. When taken out of the liquid, the 
resulting BC exhibited an evenly distributed microalgae 
coverage. (It’s worth noting that this method also 
integrates a step from the previous ‘Preparing the 
Habitat’ phase).

Dip pure BC into 200 ml of 
Scenedesmus sp. liquid culture
incubate at 20 oC and light conditions (7 days)
take BC out place in Petri dish, seal with parafilm 
incubate at 20 oC and light conditions [12]

Deposit 2 ml of bio-ink by hand
(bio-ink = Scenedesmus sp. cells, 
50% BG11 medium and 2,5% alginate [4])
onto BC treated with Ca+  ions
incubate at 20 oC and light conditions [12]

Drip 5 ml of Scenedesmus sp. liquid culture 
onto BC saturated with BG11 medium
incubate at 20 oC and light conditions [12]

Dipping

1 week: 3 weeks
close up

1 week: 3 weeks
close up

1 week
in Petri dish:

3 weeks
close up

Printing

Dripping
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INTRODUCING MICROORGANISMS

Painting cells directly onto the surface of BC provided 
further tuning where microalgae growth would start. 
Additionally, the hairs of the brush also slightly dented 
the BC surface, creating small grooves in the surface 
where the cells could aggregate. In this way, the habitat 
could be tuned through the movements of the human 
hand. 

Much like a painter using different types of paint on a 
canvas, this technique prompted us to start combining 
organisms onto BC. Here, organisms that require similar 
habitabilities (like cyanobacteria and microalgae, that 
both grow on BG11), could be applied to the same 
habitat, creating a more diverse environment.

Scenedesmus sp.
1 week:

Scenedesmus sp.
3 weeks:

��������������
����������������������
incubate at 20 oC and 
light conditions [12]

Scenedesmus sp.
and Synechococcus sp.
Small brush, 1 week

Scenedesmus sp.
and Nostoc punctiforme
big brush, 3 weeks Close up of Scenedesmus sp.

and Synechococcus sp.
small brush, 1 week

���������
���
���������
���
	���������������

Painting

Scenedesmus sp.
Pure cell mass, centrifuged 

(4000 rpm for 5 minutes)

Bio-paint
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PERPETUATING THE HABITAT

After introducing the microorganisms, BC effectively 
becomes a living artefact [21]. Situating living artefacts 
in everyday contexts requires considerations on how 
to perpetuate habitabilities. These do not only involve 
considerations on what the optimal conditions are 
for the artefact to thrive, but also how living artefacts 
might respond to fluctuations in growth conditions, 
which inherently occur in everyday contexts. 
 
In our previous explorations, living materials were 
incubated in Petri dishes sealed with parafilm to 
maintain the right humidity, along with temperature 
and light conditions informed by organism specific 
protocols. These ‘optimal’ conditions allow us to 
perpetuate the habitat, ensuring livingness for longer 
periods of time. However, we were also interested in 
what would happen when these living artefacts are 
subjected to ‘inadequate’ conditions, such as drought.

For that, a 58 day old living artefact was subjected to 
dry sterile air, which effectively caused the BC to lose 
its liquid contents and shrink in size (as described in 
the ‘Preparing the Habitat’ section). Interestingly, these 
dried materials could be revived by adding a fresh 
nutrient medium, prompting microalgae to regrow. 
This demonstrates BC-based living artefacts’ resilience 
to humidity fluctuations, highlighting their potential 
for enduring real-life conditions. Exploring ways to 
perpetuate BC’s habitability in real-life settings is an 
exciting avenue for future research. 

BC with BG11 and
Scenedesmus sp. (dripped)

BC with BG11 and
Scenedesmus sp. (dripped)

BC (hornified) with BG11 residue
Scenedesmus sp. (alive?)

BC (hornified) with new BG11 
living Scenedesmus sp. cells

incubate at 20 oC
and light conditions
[12]

Using sterile
(HEPA filtered)
air flow

Add 10 ml of BG11
incubate at 20 oC
and light conditions
[12]

Re-suspend cells in BG11 
to check for growth

Scenedesmus sp. 
58 days old

Scenedesmus sp.
65 days old

Dried artefact

Dry Revive

Additional:
validate livingness

Living artefact Living artefact

Perpetuate

Revived artefact

Scenedesmus sp. 
105 days old

Scenedesmus sp.
7 days old:
(dripped sample also shown in 
‘Introducing Organisms’ section )

anonymised
anonymised
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An impression of our ongoing explorations to perpetuate 
the habitabilities of BC in real-life settings

REFLECTIONS AND FUTURE WORK

Through our journey with bacterial cellulose (BC) and 
the microorganisms that produce and can inhabit 
it, we uncovered a rich and versatile design space, 
highlighting the potential of BC as a material platform 
for living artefacts. This versatility is particularly 
evident in the different species able to inhabit BC 
given that its habitabilities are correctly tuned, for 
example, by managing liquid contents and nutrient 
saturation of the material. Combined with its 
mechanical stability and biodegradability, we therefore 
view BC as a promising biodesign material that can 
serve as a habitat for a wide range of organisms 
and provide versatile application contexts for HCI 
designs. In this section, we will briefly unpack this 
potential further, in particular discussing implications 
for our future work on multispecies interactions 
[16] and surfacing livingness [25] in the everyday. 
 
 
 
The botanist and microbiologist Baas Becking 
famously stated: ‘‘everything is everywhere, but the 
environment selects’’ [5, 51], relating to the remarkable 
dispersal potential of microorganisms given that the 
environment provides the right habitabilities. Based 
on our lab explorations, we can state that bacterial 
cellulose is able to provide such habitabilities, 
supporting the interconnected and rich diversity of 
life found in ecological systems. Here we envision 
a range of BC-based artefacts that are shaped and 
tuned to invite living organisms to inhabit the material, 
effectively becoming a living artefact, through 
interactions with their environment. As such, BC can 
provide a canvas to surface the livingness of other-than-
humans [25], revealing temporal scales and interaction 
dynamics that are otherwise concealed from human 
perception. Creating this room for noticing [28] and 
subsequent interpretation is deemed an important 
first step in extending the traditional interaction 
paradigm beyond the human-computer interface 
to encompass ecological interactions [16, 30, 50]. 

However, exploring BC’s potential role in ecological 
contexts necessitates careful consideration of issues 
such as control, safety, and more-than-human ethics, all 
of which are critical for the responsible advancement of 
this field. Introducing new organisms—or, as in our case, 
new materials—into existing ecosystems demands not 
only a thorough understanding of ongoing ecological 
processes but also careful consideration of potential 
environmental impacts, long-term viability, ethical and 
legal implications. 

In addition to consulting experts in the involved 
fields, such as biology, ecology and bioethics, we 
propose that designers adopt an iterative approach, 
wherein controlled experiments conducted in the 
lab inform cautious and deliberate interventions 
in external environments, and vice versa. As such, 
we foresee a role for HCI designers to bridge 
scientific fields, interchange ways of working and 
engage with multispecies interactions in the wild. 
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Finding ecologically conscious material alternatives 
can be particularly challenging in the design of living 
artefacts due to the unfamiliarity and complexity 
involved with working with living organisms. Therefore, 
biodesigners often use existing material solutions to 
demonstrate proof of principles in living artefacts [15, 
52] while adhering to laboratory standards. As a result, 
sustainable alternative solutions for living artefacts are 
frequently framed as future goals rather than immediate, 
practical implementations. We showed the ability of 
bacterial cellulose (BC) to host diverse living organisms, 
holding potential to create a new generation of fully 
grown living artefacts. We hope our work will encourage 
HCI designers to expand on such explorations, within and 
beyond BC. We understand that sustainability extends 
beyond mere material choices. Yet, within the realm of 
biodesign, thoughtful material decisions hold the power 
to weave into the cycles of life, creating compostable 
living artefacts that return to the earth as nourishment, 
sustaining and feeding the systems they emerge from. 

Personal Reflections from a Design Researcher
Coming from a design background, I feel privileged to 
have the opportunity to collaborate with microbiology 
experts and a diverse host of microorganisms. Yet I 
am also conflicted about the nature of some of these 
collaborations, especially with Komagataeibacter 
hansenii, an organism I have propagated and nourished 
but also extracted and killed extensively. Here the 
livingness of this organism often made way for that 
of another and microbiological methods, in which we 
attempt to control experimental outcomes, have until 
now, prevented me from investigating possibilities of 
reciprocity and cohabitation between organisms. Here, 
requirements for control and accuracy, with which one 
is supposed to depict experiments, also conflicted with 
what originally drove me to perform them: a fascination 
with living aesthetics and the inherent messiness that 

they emerge from. I believe these tensions should guide 
us as biodesigners in traversing the liminal spaces 
between laboratories and the boundless ecosystems that 
lie beyond.
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